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A B S T R A C T   
Research examining the prevalence, physical activity (PA) and sedentary behaviour (SB) in shift workers show 
mixed results. This systematic review and meta-analysis aimed to compare PA and SB in shift workers with non- 
shift workers following the PRISMA guidelines. Ebscohost megafile ultimate (CINHAL, E-journals, Academic 
search ultimate, health source consumer edition, SPORT Discus), PubMed, Scopus, Web of Science, and Science 
Direct databases were searched up to April 2021. Cross-sectional and baseline data from longitudinal studies 
reporting PA and SB in full time workers were eligible. Data on participants characteristics and time spent in PA 
and SB and/or prevalence of workers meeting PA guidelines were extracted and pooled with random effects 
model. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 10-item checklist 
was adapted and used. A total of 49 studies met inclusion criteria and 21 studies included for meta-analysis. The 
prevalence of meeting physical activity guidelines (OR 0.84, 95% CI: 0.68, 1.03) and standardized mean dif-
ference (SMD) of time spent in moderate-to-vigorous physical activity (SMD − 0.1, 95% CI: − 0.4, 0.20) were 
similar in shift and non-shift workers. Time spent in sedentary behaviour was lower in shift workers than non- 
shift workers (SMD − 0.2, 95% CI: 0.50, − 0.001). While the differences in PA are not so evident between shift and 
non-shift workers, the prevalence of sufficient PA was low in both groups. These preliminary findings provide 
support for inclusion of physical activity and sedentary behaviour in health promotion interventions targeted at 
shift workers.   
1. Introduction 
Shift work is defined as work outside normal daytime working hours 
(7 a.m. and 6p.m.) (Caruso, 2014). Shift work can include evening shifts 
around (2 pm till 12 am), night shift (7 pm to 7 am) or rotating between 
day, evening and night shifts (Depner et al., 2014). Different industries 
may use different time schedules from the aforementioned ones. Shift 
work is common in industries that require 24/7 workforce and accounts 
for 20–25 % of occupations worldwide (Caruso, 2014; Presser, 2005). 
Approximately 15.6% Australians work shifts (Statistics, 2020), and 
about 20% of the workforce in Europe and U.S. work in shifts (Parent- 
Thirion et al., 2017; statistics USBol, 2018). 
A rising number of shift workers in the workforce is a concern, as 
shift work is associated with a wide range of health problems (Kecklund 
and Axelsson, 2016). Shift workers are at increased risk of cardiovas-
cular disease (Torquati et al., 2018), cancers (Hansen, 2017; Liu et al., 
2018) and have higher prevalence of overweight and obesity than those 
who only work during the day (Antunes et al., 2010; Hulsegge et al., 
2020). The risk of any cardiovascular disease (CVD) morbidity was 17% 
higher among shift workers than day workers (Torquati et al., 2018). 
There appears to be a dose–response relationship as the risk of CVD in 
shift workers increases by 7.1% for every additional five years of shift 
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work (Torquati et al., 2018). Also, shift workers are more likely to have 
other adverse health outcomes, including poor mental health (Khan 
et al., 2018), and disturbed sleep (Kervezee et al., 2020). 
Several physiological and behavioral mechanisms contribute to the 
negative health outcomes. Many shift workers experience circadian 
rhythm disruptions, due to the variations in sleep timing, meal timing 
and light exposure (James et al., 2017). The disruption of circadian 
rhythm tends to result in sleep deprivation, excessive sleepiness during 
wake hours, and insomnia symptoms. Therefore, the evidence supports 
that insufficient sleep maybe a mechanism of adverse health outcomes 
among shift workers (Kecklund and Axelsson, 2016). In addition to sleep 
disturbances and circadian misalignment adverse health outcomes in 
shift workers can also be attributed, in part, to habitual levels of physical 
activity and sedentary behaviour (Kervezee et al., 2020; Hulsegge et al., 
2017). 
The findings from previous research comparing physical activity and 
sedentary behaviour levels in shift workers have shown mixed results, 
which might be due to the measurement tools used. Several studies used 
self-report measures and observed no differences in overall physical 
activity levels between shift and non-shift worker (Loef et al., 2017; 
Vandelanotte et al., 2015). Self-report measurement remains a practical 
means for assessing lifestyle behaviours, even though it is widely 
recognized that participants tend to over-estimate their physical activity 
(Sylvia et al., 2014). As such, verifying their results with device-based 
measures is essential. Devices represent the best method for measuring 
physical activity and sedentary behaviour and is widely used in epide-
miological studies (Welk et al., 2004). Loef et al. (Loef et al., 2018) found 
no differences between shift and non-shift workers’ physical activity 
using device-based measures. 
Shift workers were less physically active than non-shift workers (Ma 
et al., 2011; Loprinzi, 2015), supporting the hypothesis that leisure-time 
physical activity opportunities are generally decreased when working 
shifts (Kolbe-Alexander et al., 2019). For example, adults in the 
NHANES study asked to describe their work hours as regular evening, 
regular night shift, rotating shift or another schedule revealed that those 
working shifts were less physically active than those working regular 
hours (Loprinzi, 2015). On the other hand, previous research shows that 
shift workers are more active than non-shift workers (Hulsegge et al., 
2020; Marqueze et al., 2013). 
Shift work is common in most industries, for example health care, 
information technology, mining, police, security forces, transportation, 
construction and manufacturing (power plants, oil refinery, and steel 
industry) (Rydz et al., 2020). The discrepancy in physical activity is 
likely due to differences in shift schedules, job tasks and variations in 
definition of shift work, than as a result of differences in shift and non- 
shift workers. For instance, truck drivers and information technology 
shift workers are likely to spend more time sitting at work, thus they 
could spend more time active during leisure time to make up for more 
time spent sedentary at work. On the other hand, hospital workers may 
spend more time walking and standing at work, therefore they are likely 
to spend more time sitting during leisure time. Normal day workers 
mainly perform office-desk related jobs, spending more time seated. 
Truck drivers from Brazil who worked irregular shifts (25.8%), were 
more physically active (≥150 min) than non-shift workers (3.8%) 
(Marqueze et al., 2013). Compared to day workers, those working eve-
ning shifts engaged in less moderate to vigorous physical activity than 
night shift workers (Loprinzi, 2015); while those working in rotating 
shifts engaged in more light-intensity physical activity than non-shift 
workers (Marqueze et al., 2013). It can be concluded that work sched-
ules distinctively influence physical activity in shift workers (Atkinson 
et al., 2008). 
In addition to physical inactivity, substantial amount of evidence has 
linked time spent in sedentary behaviour with adverse health outcomes 
and all-cause mortality (Vincent et al., 2017; Ekelund et al., 2019). 
Sedentary behaviour is low energy sitting, reclining, or lying during 
waking hours (Tremblay et al., 2017). There is a paucity of research 
investigating sedentary behaviour in shift workers. Loprinzi (Loprinzi, 
2015) showed that sedentary behaviour was lower in shift workers than 
non-shift workers in a sample of American adults. Conversely, Hulsegge 
et al (Hulsegge et al., 2017) reported that those working shifts spend 
more time in uninterrupted sedentary periods (7.2%, 95% CI 2.3,12.1) 
than non-shift workers (5.9%, 95% CI − 10.1, − 1.7). Notably, hospital 
shift workers spent less time sedentary at work than non-shift workers 
(Loef et al., 2018). In the same study, sedentary time appeared to be 
even less in nurses who worked shifts than those who only worked 
during the day (Loef et al., 2018). The two studies used different pop-
ulations, with Loef et al (Loef et al., 2018) and colleagues studying 
hospital workers and various occupations sampled in Hulsegge’s et al 
study (Hulsegge et al., 2017). Thus, the evidence suggests that most 
hospital workers, including nurses, spend more time standing and 
walking than office workers. 
The inconsistency of the findings suggests the need for a compre-
hensive review comparing physical activity and sedentary behaviours in 
shift and non-shift workers. While public health physical activity and 
sedentary behaviour guidelines exist (Bull et al., 2020), it remains un-
clear how shift work affects achieving these targets. Previous reviews 
have looked at nurses’ occupational physical activity levels (Chappel 
et al., 2017), physical activity interventions in shift workers (Flahr et al., 
2018), with Lassen et al (Lassen et al., 2018) investigating interventions 
promoting healthier food and/or physical activity practices in those 
working shifts. Therefore, detailed information about whether shift 
work influences physical activity and sedentary behaviour of workers is 
lacking. The primary aim of this systematic review and meta-analysis, is 
to compare physical activity and sedentary behaviour levels in shift and 
non-shift workers. Outcomes of this review could inform development of 
health promotion interventions for shift workers. Insights into physical 
activity levels and sedentary behaviours can also inform policies on 
health and wellbeing in companies with shift work populations. If policy 
makers can better understand the prevalence of physical activity and 
sedentary behaviour in shift workers, they might support opportunities 
for health promotion in the workplace. 
2. Methods 
We conducted a systematic review and meta-analysis comparing 
physical activity and sedentary behaviour in shift and non-shift workers 
following the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines (Charrois, 2015). The protocol was 
registered with the PROSPERO database (CRD42020177839). A 
completed PRISMA checklist is presented in Fig. 1. 
2.1. Search strategy 
We searched the following databases: Ebscohost megafile ultimate 
(CINHAL, E-journals, Academic search ultimate, health source consumer 
edition, SPORT Discus), PubMed, Scopus, Web of Science, and Science 
Direct up to November 2020 and updated in April 2021. The search 
strategy was developed with the assistance of a research librarian using 
Population Intervention Comparison Outcome (PICO) strategy (Cump-
ston et al., 2020). The population was limited to shift workers, and 
comparators were non-shift workers or normal day workers. The out-
comes included sedentary behaviour and physical activity. These are 
some of the following keywords: sedentary behaviour, sedentary 
behaviour, inactivity or exercise, shift work, non-shift worker, day work, 
with truncations used where appropriate. The full search strategy is 
available as an online supplementary Appendix A (Table A.1). 
2.2. Selection criteria 
For studies to be eligible, they had to meet the pre-determined in-
clusion criteria: 1) cross-sectional study or baseline data from longitu-
dinal, intervention studies, or cohort studies, 2) reported time spent in 
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(mean minutes/hours, percentages per day or week) physical activity 
and sedentary behaviour; and prevalence of workers meeting physical 
activity guidelines, at least 150–300 min of moderate-intensity aerobic 
physical activity, or at least 75–150 min of vigorous-intensity aerobic 
physical activity, as per the recent World Health Organisation guidelines 
(Bull et al., 2020); 3) include shift and non-shift workers. Book chapters, 
non-English articles, grey literature and conference proceedings were 
excluded. One author (MM) scanned the titles and abstracts to exclude 
3723 articles from the 3,855 screened abstracts. Two authors (MM and 
TKA) then screened the 134 full texts articles to determine study eligi-
bility. Any discrepancies were discussed between the two reviewers 
(MM and TKA) before a final decision on inclusion was made. 
Data extraction 
The two reviewers (MM and TKA) independently extracted data on 
author and publication year, study design, location and workplace, age, 
gender, type, and definition of shift work and any discrepancies were 
discussed between the two reviewers. Shift work included any 
arrangement of working hours other than the standard daylight hours 
(7/8 a.m.–5/6p.m.), while non-shift work includes normal work hours 
between 7/8 a.m.–5/6p.m. (Costa and Folkard, 2010). Data from 
selected studies were synthesised into a tabular format. Consistent with 
our study aim to compare physical activity and sedentary behaviour in 
shift and non-shift workers, we extracted physical activity and sedentary 
behaviour outcomes, including the prevalence of workers meeting 
physical activity guidelines and time spent in physical activity and 
sedentary behaviour. Point estimates and proportions for physical ac-
tivity and sedentary behaviour were reported for most studies. Although 
some studies reported other Physical activity outcomes and sedentary 
behaviour outcomes other than prevalence of workers meeting physical 
activity guidelines and time spent in physical activity per day, and time 
spent in sedentary behaviour per day. Data were extracted according to 
the most reported outcomes in the studies to allow for synthesis and 
comparisons between shift and non-shift workers. To estimate the pro-
portions of workers who meet physical activity guidelines, the mean 
prevalence and total sample of both shift and non-shift workers were 
extracted. Mean and standard deviations for time spent in physical ac-
tivity and sedentary behaviour outcomes were selected for the meta- 
analysis. When not reported, standard deviations were calculated from 
standard of errors, 95% confidence intervals, or percentiles and means 
and sample size. If pertinent data were absent, we contacted authors on 
two separate occasions, and the necessary information was requested via 
e-mail. Nine authors were contacted, and only four responded, thus 
excluding the five studies without a response. 
2.3. Quality assessment 
The Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) quality assessment tool based on the checklist for 
reporting observational studies (von Elm et al., 2008) was adapted and 
has been previously used by Gilson et al (Gilson et al., 2019). The 
STROBE provides general reporting recommendations to improve the 
quality for descriptive observational studies and can be used for cross- 
sectional studies that were mainly included in our study (Vanden-
broucke et al., 2007). The quality checklist (6–10 items) was scored for 
each of the following: sample population described and sample size 
sufficient, measurement tools appropriate, including devices, analyses 
Fig. 1. PRISMA flow chart showing study screening process. PRISMA indicates Preferred Reporting Items for Systematic Reviews and Meta-analyses; PA, physical 
activity; SB, Sedentary behaviou. 
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and variables reported and results reported in the studies. Each item was 
marked as “yes” (1 point), and “no” or “unclear” (0 point) low or unclear 
response or “n/a” for an item not applicable in the study. A composite 
overall score for each study was then calculated for each study and based 
on items rated with affirmative answer ≥ 75% =Good, 50–75%=Fair, 
<50%=Poor (Torres-Castro et al., 2021). 
2.4. Data analysis 
Due to anticipated heterogeneity, random effects meta-analysis was 
used. Heterogeneity was measured by the I2 statistic, with values above 
75% considered as high (Higgins et al., 2003). 
For the meta-analysis, first, we pooled data on each physical activity 
category (time estimates and proportions of workers meeting physical 
activity guidelines) in shift and non-shift workers. The odds ratio was 
used to estimate the effect size on the proportions of shift and non-shift 
workers who meet physical activity guidelines. A comparative meta- 
analysis of pooled percentages of time spent in physical activity per day 
between shift and non-shift workers was conducted, yielding Hedges’ g 
effect size (Haidich, 2010). Next, a meta-analysis of pooled percentages 
of time spent in sedentary behaviour per day between shift and non-shift 
workers was also conducted. We conducted subgroup analyses to 
investigate differences between physical activity and sedentary behav-
iour assessment methods (i.e., self-reported vs. device-based measures). 
Further we conducted sensitivity analyses excluding outlier studies one 
by one. Analyses were performed using Comprehensive Meta-analysis 
version 3.3 (CMA; Biostat Inc., Eaglewood, USA). 
3. Results 
3.1. Study selection and included participants 
The electronic database search identified 3,855 articles (excluding 
duplicates) and these were screened by title and abstract. One hundred 
and thirty-four full texts were reviewed by 2 reviewers and 85 were 
excluded, leaving a total of 49 articles meeting eligibility criteria 
(Fig. 1). Studies were excluded in languages other than English; with an 
inappropriate study design; when no physical activity, shift work or 
sedentary behaviour data presented; when full text not available; and 
book chapters and conference abstracts. 
Studies were conducted in 18 countries between 2001 and 2021. 
Sample size ranged from 9 to 185,958 participants, with participants’ 
age ranging between 18 and 81 years. Two-thirds of the studies (70%) 
included males and females, and 23% only had females. Thirty-six 
studies included both shift and non-shift workers. About 50% (n = 24) 
of studies included healthcare workers, with other industries included 
(e.g., drivers, police, manufacturers, chemical plant workers). The shift 
systems and schedules varied considerably, with shift work described as 
morning, evening/afternoon and night shifts, rotating, irregular, and 
fixed shifts. All study characteristics are available as online supple-
mentary Appendix A (Tables A.2–A.5). 
The measured point estimates outcomes reported physical activity in 
minutes per day, hours per week and MET-hours per week. The primary 
outcomes included sedentary behaviour in minutes per day or hours per 
week. Studies that were not included in the meta-analyses reported 
physical activity frequency (presented as scores 1 and 2; 1 = yes and 2 =
no) or (with scores 1 = never, 2 = 2 times a week, 3–4 times a week and 
4 = almost every day). Other three studies reported step counts recorded 
by pedometers. One study reported number of sweaty hours per day, 
while other 2 studies reported kilojoules. One study that was excluded 
reported prevalence of sedentary lifestyle as (yes and no for 1 h of fast 
walking per week). 
3.2. Quality assessment 
Out of the 10 score items, study score items ranged from 6 to 10, 
depending on the outcome assessed and measurement tools (self-report 
vs devices). From the all the studies (n = 49), 38 met 75% answer rating 
their quality as “good” and only 11 studies met the 50–75% rating 
indicating “fair” quality. The mean score across all the selected items 
was 89%. More than 90% of studies reported appropriate study design 
(item 1A) and 86% had a sufficient sample size (item 1B). The number of 
days assessed for device-based studies and those that have excluded 
insufficient wear time was rated 65%. All studies reported physical ac-
tivity and/or sedentary behaviour (item 4D). The quality scoring for 
each study is available as online Supplementary Material (Table A.6). 
3.3. Measurement of physical activity and sedentary behaviour 
Physical activity self-report measures: The self-report instruments used 
to quantify physical activity included the International Physical Activity 
Questionnaire (IPAQ), IPAQ-short form, Baecke questionnaire, Multi-
media Activity Recall for Children and Adults (MARCA), Active 
Australia questionnaire, 7-day Physical Activity Recall Questionnaire, 
and Positive Health Behaviour Scale (PHBS) and Behavioural risk Factor 
Surveillance system (BRFSS) (Table 1). 
Physical activity device-based measures: Six studies reported time spent 
in physical activity derived from wearable devices. These included the 
ActiGraph GT3X and ActiGraph wGT3X-BT to assess light intensity and 
moderate-to-vigorous intensity physical activity. Moderate-to-vigorous 
physical activity was also calculated from a waist-worn Actical accel-
erometer in minutes per day (Tables 1 and 2). 
Sedentary behaviour self-report measures: Two studies used self-report 
measures to assess sedentary behaviour including the Workforce Sitting 
Questionnaire and domain specific questionnaire, see Table 3. 
Sedentary behaviour device-based measures: Five studies used devices 
including the Actigraph model 7164 and ActiGraph GT3X with seden-
tary behaviour recorded as counts per minute between 0 and 99. Mean 
daily sedentary minutes were calculated at an intensity less than 1.0 
metabolic equivalents for data derived from Actical accelerometer 
(Table 3). 
3.4. Physical activity outcomes 
3.4.1. Prevalence of meeting guidelines 
The proportions of shift workers and non-shift workers meeting 
physical activity guidelines were 41% and 46%, respectively. The mean 
range was 8% to 63.4% in shift workers who meet physical activity 
guidelines, whereas the range was 3% to 67.7% in non-shift workers. 
3.4.2. Time spent in physical activity 
The average mean time spent in physical activity was similar for shift 
workers and non-shift workers (17%). Physical activity reported ac-
cording to domains showed that occupational related physical activity is 
the primary contributor of total physical activity in both shift workers 
and non-shift workers. Transport related physical activity accounted for 
only 0.5% of total physical activity in both groups. Time spent in 
physical activity per day was 13.2% and 14.2% in shift workers and non- 
shift workers respectively. The self-report data showed that those 
working in shifts spent 24.5% time in physical activity compared to 
22.9% in regular day workers. 
3.4.3. Time spent in sedentary behaviour 
The mean time spent in sedentary behaviours was 2% higher in non- 
shift workers (39%) than shift workers (37%). Sedentary behaviour at 
work was similar in shift and non-shift workers and accounted for 4% of 
total sedentary behaviour per day. Both devices and self-report measures 
showed that those working regular shift spent more time in sedentary 
behaviour than non-shift workers. 
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3.5. Meta-analyses 
Data were pooled from 12 studies for prevalence of shift and non- 
shift workers meeting physical activity guidelines. Estimates of time 
spent in the physical activity and sedentary behaviour meta-analysis 
included 12 and 7 studies, respectively. 
3.5.1. Prevalence of workers meeting physical activity guidelines 
Although shift workers were less likely to meet physical activities 
guidelines than non-shift workers, this difference was not statistically 
significant (OR 0.84, 95% CI:0.68, 1.03 (Fig. 2a). For the self-reported 
physical activity meta-analysis, the difference between shift and non- 
shift workers who meet physical activity guidelines was still not sig-
nificant (OR 0.81, 95% CI: 0.67, 0.99) and heterogeneity was high (I2 =
96.3%) (Fig. 2b). There were insufficient data to pool results by device- 
based measures. 
We did further analysis by removing one study (25) from all the 
studies included for meeting physical activity guidelines with a signifi-
cant small effect size (OR 0.075). The overall effect size was increased 
from 0.84 to 0.87. 
3.5.2. Time spent in physical activity 
The difference in time spent in moderate-to-vigorous physical ac-
tivity were not significant between shift and non-shift workers (SMD 
− 0.1, 95% CI: − 0.4, 0.20) (Fig. 3a). A separate analysis was conducted 
to compare time spent in moderate-to-vigorous physical activity in shift 
and non-shift workers by self-report measures. After removing one study 
(Loprinzi, 2015), with an unusually smaller effect size the heterogeneity 
was decreased substantially (from I2 = 98.8 to I2 = 85.4). 
The results with self-report measures showed a non-significant dif-
ference between shift and non-shift workers (SMD 0.21, 95% CI: 0.00, 
0.34) (Fig. 3b). Similar to overall results of time spent in moderate-to- 
Table 1 
Prevalence of workers meeting physical activity guidelines.  
Author, year Occupation Shift groups Measurement 
tool 
Meeting PA guidelines Shift 
workers (%) 
Meeting PA guidelines Non- 
shift worker(%) 
(Alves et al., 2017) Poultry processing early morning, day, night 
shift 
IPAQ short  26.9  51.9 
(Marqueze et al., 2013) Truck drivers Irregular, day shift IPAQ  25.8  3.8 
(da Silva et al., 2015) Poultry processing Day, night shift Modified IPAQ  39.0  30.8 
(Panczyk et al., 2018) Nurses & midwives shift and non-shift (PHBS)  50.2  50.9 
(Park and Suh, 2020) Various industries day and shift workers IPAQ-SF  46.3  58.5 
Chin et al., 2016 (Nam and Lee, 
2016) 
Nurses Day, non-day BRFSS 
(CDC,2013)  
36.0  41.9 
(Ma et al., 2011) Police Day, afternoon, midnight 
shift 
Questionnaire  63.4  67.0 
(Sugiura et al., 2020) Health care support Fixed daytime, shift worker Questionnaire  54.6  66.4 
(Hulsegge et al., 2020) Industrial production Morning, afternoon, night 
and non-shift 
Questionnaire  58.0  56.0 
(Hulsegge et al., 2021) Manufacturing 
industries 
Shift worker, non-shift 
worker 
Questionnaire  58.0  58.0 
(Neil-Sztramko et al., 2016) ( 
Loef et al., 2020) 
Various industries Shift worker, day worker Questionnaire  15.9  15.5 
Health care workers Shift and non-shift workers Actigraph GT3X  46.2  36.2 
Legend: PA (physical activity), IPAQ (International Physical Activity Questionnaire), IPAQ-SF (International Physical Activity Questionnaire-Short Form), BRFSS 
Behavioural risk Factor Surveillance system, PHBS (Positive Health Behaviours Scale), Various industries: manufacturing, accommodation and food sector, chemical 
plants, firefighters, retail, Questionnaire: used when the type/name of questionnaire was not described. 
Table 2 
Time spent in moderate-to-vigorous physical activity in minutes per day in shift and non-shift workers.  
Author, year Occupation Shift groups Measurement tool Time spent in PAShift 
workerMean (SD) 
Time spent in PANon-shift 
workerMean (SD) 
(Peplonska et al., 2014) Nurses and 
midwives 
Rotating night, day shifts IPAQ 26.0 (11.0) 20.9 (9.9) 
(Vandelanotte et al., 
2015) 
Various industries Shift, non-shift, non-night 
shift 
IPAQ 26.8 (9.7) 24.9 (9.4) 
(Vlahoyiannis et al., 2021 Nurses Morning, rotating shift 
worker 
IPAQ 15.5 (15.7) 12.4 (13.5) 
(Hulsegge et al., 2017) Various industries Day worker, night and non- 
night shift 
Questionnaire 13.9 (9.0) 15.8 (7.3) 
(Loef et al., 2017) Various industries Shift, non-shift workers Questionnaire 21.3 (13.6) 18.8 (2.2) 
(Tada et al., 2014) Nurse rotating Questionnaire 25.2 (35.1) 24.7 (35.7) 




12.5 (8.4) 11.5 (7.5) 




nightshift worker, day 
worker 
Actigraph GT3X 40.1 (35.2) 38.2 (26.8) 
Lauren et al., 2020) Nurses and medical 
staff 
Day and night shift Actigraph wGT3X-BT 12.8 (6.7) 14.3 (5.5) 
(Loef et al., 2018) Hospital shift 
workers 
Shift, non-shift worker Actigraph GT3X 11.7 (6.5) 12.5 (6.2) 
(Loprinzi, 2015) Various industries Daytime, evening, night, 
rotating shift 
Actigraph 25.8 (3.2) 28.5 (0.7) 
(Neil-Sztramko et al., 
2016) 
Various industries Shift worker, day worker Actical accelerometer 10.1 (10.1) 10.2 (6.4) 
Legend: PA (physical activity), IPAQ (International Physical Activity Questionnaire), SD (Standard Deviation), Various industries: manufacturing, accommodation and 
food sector, chemical plants, firefighters, retail, Questionnaire: used when the type/name of questionnaire was not reported. 
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vigorous physical activity analysis by device data shows non-significant 
differences (SMD − 0.40, 95% CI: − 1.16, 0.37) (Fig. 3c). 
3.5.3. Time spent in sedentary behaviour 
The meta-analysis results of the pooled data demonstrated that shift 
workers spend significantly less time in sedentary behaviour than non- 
shift workers (SMD − 0.2, 95% CI: − 0.50, − 0.001) (Fig. 4a). A suffi-
cient number of studies were available to compare the time spent in 
sedentary behaviour measured by devices. The difference between shift 
and non-shift workers was non-significant (SMD − 0.23, 95% CI: − 0.56, 
− 0.09) (Fig. 4b). There were insufficient data to pool results by self- 
reported sedentary behaviour. 
4. Discussion 
This study aimed to compare physical activity and sedentary 
behaviour in shift and non-shift workers. Our findings show that 
habitual levels of physical activity were similar for shift and non-shift 
workers, and only 41% of shift workers meet physical activity guide-
lines. Similar to the shift work population, a significant number of adults 
are inactive. Globally, over a quarter of adults (27.5%) were reported to 
be insufficiently active (Guthold et al., 2018). For the shift worker, this 
puts an increased risk of developing diseases linked to inactivity as they 
are already identified as a risk group. Another major finding is that time 
spent in sedentary behaviour was significantly less in shift workers, 
although only a few studies were included. 
Our findings demonstrated that compared to data using measure-
ment devices, self-reported data showed that shift workers spent more 
time in physical activity than non-shift workers (SMD 0.21, 95% CI: 
0.00, 0.34). Studies (Vandelanotte et al., 2015; Marqueze et al., 2013; 
Peplonska et al., 2014) included in our analysis used questionnaires 
where participants were asked to recall how often they had performed 
physical activity. It is possible that shift workers may have overreported 
their physical activity levels. Similar to most of our included studies, 
health workers (involved in shift work) reported higher physical activity 
compared with measures using the ActiGraph accelerometer (Zafir-
opoulos et al., 2019). Self-report measures can result in recall bias when 
compared to device-based measures (Sylvia et al., 2014). There is a need 
to use measurement tools that are feasible and capture the patterns of 
physical activity and sedentary behaviour in shift workers in real time. 
It should be noted that our analyses included only overall physical 
activity in both shift and day workers. The similarity in shift workers and 
non-shift workers’ physical activity levels could be a result of the type of 
activity reported. Even though not confirmed in our review, shift 
Table 3 
Time spent in sedentary behaviour in minutes per day in shift and non-shift workers.  
Author, year Occupation Shift groups Measurement tool Time spent in SBShift 
workerMean (SD) 
Time spent in SBNon-shift 
workerMean (SD) 
(Vandelanotte et al., 
2013) 




36.1 (18.4) 37.2 (16.9) 
(Clark et al., 2017) Various industries Regular hours, night work Questionnaire 29.6 (16.6) 34.2 (16.3) 
(Hulsegge et al., 2017) Various industries Day worker, night and non- 
night shift 
Questionnaire 49.4 (18.2) 45.8 (16.4) 
(Lauren et al., 2020) Nurses and medical 
staff 
Day and night shift Actigraph wGT3X-BT 21.5 (9.0) 18.9 (5.2) 
(Loef et al., 2018) Hospital shift 
workers 
Shift, non-shift worker Actigraph GT3X 53.3 (12.0) 60.5 (16.5) 
(Loprinzi, 2015) Various industries Daytime, evening, night, 
rotating shift 
Accelerometer 31.8 (10.4) 35.0 (4.0) 
(Neil-Sztramko et al., 
2016) 
Various industries Shift worker, day worker Actical accelerometer 39.5 (20.2) 40.0 (13.7) 
Legend: SB (sedentary behaviour), IPAQ (International Physical Activity Questionnaire), SD (Standard Deviation), Various industries: manufacturing, accommodation 
and food sector, chemical plants, firefighters, retail, Questionnaire: used when the type/name of questionnaire was not reported. 
Fig. 2a. Forest plot of workers who meet physical activity guidelines (all studies).  
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workers may have reported high occupational physical activity which is 
common in shift work occupations like health care and manufacturing. 
Normal day workers may have reported higher leisure time physical 
activity as their work times allow for more opportunities for physical 
activity and participation in sports. This might lead to total physical 
activity being similar in the two groups. For example, occupational ac-
tivity was shown to contribute more than leisure-time physical activity 
to total daily energy expenditure in health care workers (Peplonska 
et al., 2014). Similarly, recent Australian data showed that shift workers 
were more likely to report low leisure-time physical activity than 
occupational physical activity (Vandelanotte et al., 2015). Thus, these 
factors need to be identified in large controlled prospective studies, to 
include and report the type of physical activity. 
There is emerging and inconclusive evidence on the role of occupa-
tional physical activity on health outcomes (Cillekens et al., 2020). The 
‘physical activity paradox’ states that increased physical activity in shift 
workers because of high occupational activity may not benefit workers’ 
health (Gupta et al., 2020). For example, in one study investigating 
physical activity levels in shift workers, there were no significant asso-
ciations between shift work and non-occupational physical activity (Loef 
et al., 2017). Thus, shift workers may still be at higher risk of diseases 
than day workers if most of their reported activities are from occupa-
tional physical activity. However, a recent study (Dalene et al.) using a 
large data set of Norwegian adults showed that occupational physical 
activity might reduce the risk of non-communicable diseases, suggesting 
that any physical activity, regardless of the domain, is beneficial to the 
health of workers. 
Our findings suggest that those working shifts are less sedentary than 
those working normal day hours (SMD − 0.2, 95% CI: − 0.50, − 0.001). 
Like our results, Loprinzi (Loprinzi, 2015) reported that rotating shift 
workers engaged in less sedentary behaviour than non-shift workers 
when assessed by an accelerometer. One of the most important factors in 
investigating sedentary behaviours is measurement tools. Out of the 
seven studies, five used devices, and our quality scoring show that 76% 
Fig. 2b. Forest plot of workers who meet physical activity guidelines (self-report).  
Fig. 3a. Forest plot of time spent in physical activity (all studies).  
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of the studies reported sedentary time that excludes sleeping time 
(Table 4). Thus, these results should be interpreted with caution as some 
of the time spent sedentary behaviour may be indistinguishable from 
sleep (Barone Gibbs and Kline, 2018). 
In terms of workplace sectors, 50% of studies included in the review 
used health care professions, and mainly nurses, which might explain 
Fig. 3b. Forest plot of time spent in physical activity (self-report measures).  
Fig. 3c. Forest plot of time spent in physical activity (devices).  
Fig. 4a. Forest plot of time spent in sedentary behaviour (all studies).  
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low sedentary time in shift workers. Other studies have investigated 
various occupations, including drivers, manufacturing workers, police, 
poultry workers, with different tasks and shift types. Further, it is not 
surprising that shift workers reported lower sedentary time than non- 
shift workers because most normal day workers are office jobs charac-
terised by prolonged sitting periods. Shift workers in transportation and 
technology are still less likely to report high sitting time than those 
working in blue-collar and hospital settings where physically 
demanding occupations are less (Smith et al., 2016). Thus, it is better to 
compare sedentary behaviour levels in non-shift workers with shift 
workers in industries with sedentary tasks. The new WHO recommen-
dations support breaking long periods of sitting at work and replace it 
with some physical activity (Dempsey et al., 2020). In industries where 
more time is spent in prolonged standing, in both shift and non-shift 
work, it would be advisable to alternate between sitting and standing 
to provide recovery and prevent fatigue (Waters and Dick, 2015). 
Our review shows that few studies investigated sedentary behaviours 
in both shift and non-shift workers. Given the large contribution of the 
workplace to sedentary behaviours (Haslam et al., 2019), more research 
is needed to investigate the sedentary behaviours of shift workers. 
Prolonged sitting is prevalent in industries such as hotels, transport and 
communications involving shift work (Messenger, 2018). Reducing 
sedentary time may still be most effective when targeted at shift workers 
in customer service call centres, those using information technology, 
and drivers. 
In the present review, shift work schedules were defined with 
different hours from the traditional regular working period from 
morning to afternoon and sometimes referred to irregular or fixed 
working hours. For example, Alves (Alves et al., 2017) and colleagues 
defined work schedules as the fixed morning, fixed day and evening 
shifts while Hulsegge et al (Hulsegge et al., 2017) defined the schedules 
as day, night and non-night shift work. It is likely that our results could 
have also been influenced by heterogeneity in study variables like shift 
schedules and types. The definitions of shift work schedules should be 
standardised across studies in future research. 
Physical activity and sedentary behaviour are both complex and 
multidimensional behaviours. As such it was difficult to compare 
physical activity and sedentary behaviour in shift workers when re-
ported by different types, measurement tools, schedules and different 
tasks performed at work. Adhering to consistent measurement tools to 
assess physical activity and sedentary behaviour could increase the 
comparability of results across studies. There is need to standardise 
definitions of shift work and shift schedules and to report all the various 
factors that influence physical activity and sedentary behaviour patterns 
in future studies. 
4.1. Strengths and limitations 
To date, there has not been a review on levels of physical activity in 
shift workers. Therefore, there are limitations in our ability to compare 
our results to those of prior research. Our systematic review and meta- 
analysis included studies with both device and self-report measures. We 
were also able to review studies from several countries and many in-
dustries involved in shift work. Therefore, it was possible to do com-
parisons by measurement tools as physical activity and sedentary 
behaviour outcomes were measured by both self-report and devices. The 
search strategy was thorough but included studies that were reported in 
English only, relevant publications in other languages may have been 
missed. Because few studies reported domain-based data, our results 
only reflect total physical activity and sedentary behaviour outcomes. 
Fig. 4b. Forest plot of time spent in sedentary behaviour (devices).  
Table 4 
Quality assessment (10 items) and percentage scoring for each item.  
Item Criterion Description (%) 
1A Sample Are the study design and population sufficiently 
described? 
(90) 
1B Sample Is sample size sufficient to give a good estimate of 
target behaviour(s) for the population? 
(86) 
2A Measurement are the number of days assessed sufficient (≥4) to 
give a good estimate of target behaviour(s) for the 
population? (device-based measures) 
(65) 
3A Analyses Is consideration given to excluding participants 
with insufficient wear time (for device-based 
measures)? 
(65) 
3B Analyses Are data analysed using inclonometry or pattern 
recognition algorithms, as opposed to 
accelerometer counts (for device-based 
measures)? 
(82) 
4A Variables Are data reported for specific shift work? (93) 
4C Variables Are daily times reported in absolute (hours or 
minutes/day) and relative (percentage) terms? 
(83) 
4D Variables Are sedentary/sitting and physical activity data 
reported? 
(100) 
4E Variables Does reported sedentary/sitting time exclude 
sleeping time? 
(76) 
5E Results Are results reported in sufficient detail regarding 
both central tendency and variability of the target 
behaviour(s)? 
(77)  
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5. Concluding remarks 
In conclusion, while physical activity levels do not differ between 
shift and non-shift workers and shift workers spending more time sitting, 
there is evidence that results might have been influenced by heteroge-
neity in the studies included. With workers spending most of their 
waking time at work, occupational factors can significantly influence 
physical activity and sedentary behaviours and may even be more 
complex in shift workers (Caruso, 2014). The rapid economic develop-
ment in the world continues to increase the demand for shift work, 
resulting in many people working in shifts (Rajaratnam and Arendt, 
2001). Intervention strategies are needed to ameliorate physical inac-
tivity and health problems that are evident in shift workers. Further-
more, few workplace interventions have targeted shift workers (Flahr 
et al., 2018). Further research on the determinants of physical activity 
and sedentary behaviour in shift workers is needed. 
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